Subsequent to DNA packaging of the herpesvirus capsid shell, primary envelopment of the 29 nucleocapsid occurs at the inner nuclear membrane (INM) (7, 10, 11) . All herpesviruses 30 encode two proteins that form a complex, which plays a key role in facilitating the exit of capsids 31 from the nucleus (7, 11) . This complex is designated the nuclear egress complex (NEC). For 32 and mCherry fusion proteins were expressed the cellular localization observed was as expected 79 and as reported in the literature for this family of proteins. Thus ORF69 displayed a diffuse 80 nuclear fluorescence and ORF67 localized to the nuclear periphery and structures adjacent to 81 the nucleus. 82
Previous studies on alphaherpesvirus NEC proteins showed using immunofluorescence of 83 fixed cells the re-localization of the UL31 protein to the nuclear margins in the presence of 84 functional UL34. This was also shown for KSHV ORF67 and ORF69 using similar methods. 85
Our goal was to use live fluorescent reporter proteins to visualize this in living cells. When Sf21 86 cells were co-infected with viruses such that both proteins are expressed in the same cell, re-87 localization of the fluorescent signal associated with ORF69 was observed ( Fig. 2A ). This 88 signal (GFP or mCherry) became concentrated at the nuclear periphery and co-localized with 89 the signal associated with ORF67. In many cells we also saw significant alteration of the 90 nuclear membrane as judged by the distribution of the co-localized signal. To demonstrate 91 biochemically that the proteins physically interact we also performed co-immunoprecipitation 92 experiments. Infected Sf21 (1 x 10 6 ) cells were harvested at 48 h post-infection and lysates 93 prepared using RIPA buffer (0.05M Tris-HCl pH=7.2, 0.15M NaCl, 1% deoxycholic acid, 0.1% 94 SDS, 1% Triton X-100). The sonicated/clarified lysates were mixed together for 30 min and 95 then immunoprecipitated with anti-GFP antibody (1 h) followed by binding with protein-A 96 sepharose beads (1 h) (Sigma-Aldrich). The precipitated complexes were washed five times 97 with RIPA buffer. The resulting immunoprecipitates following transfer to a membrane were 98 probed with anti-V5 antibody (Fig. 2B) . The results of the blot show that immunoprecipitation of 99 either ORF67GFP or ORF69GFP co-precipitated the other protein as judged by the V5 blot. In 100 the control immunoprecipitation, pORF65V5 (KSHV small capsid protein) was not co-101 over-expressed in mammalian cells virus sized vesicles that were derived from the nuclear 105 envelop were detected by similar ultrastructural analysis (8). We used TEM to discover if the 106 KSHV proteins could re-model the insect cell nuclear membrane. For these experiments we 107 used the viruses expressing the V5 tag. Sf21 cells (5 x10 6 in 60mm petri dishes) were infected 108 with the baculoviruses expressing ORF67V5 or ORF69V5 or co-infected with these two viruses 109
and processed for TEM 66 h post-infection (Fig. 3) . Expression of ORF69 alone did not result in 110
any changes within the cell. Expression of ORF67 did result in large areas of nuclear 111 membrane stacks similar to that observed for BFRF1 (5). When cells were infected with both 112 ORF67 and ORF69 expressing viruses we observed many circular vesicles that are most likely 113 derived from re-duplicated nuclear membranes. These vesicles appear to be similar in size to 114 the herpesvirus virion. Analysis of the thin sections from these infections showed that 89 out of 115 100 infected cells (ORF67 alone) displayed nuclear membrane duplication events and in 88 out 116 of 100 cells (ORF67 and ORF69) vesicles were evident. Measurements of circular vesicles 117 showed they had a mean diameter of 146 nm (n=17) or 157 nm (n=18). The vesicles formed in 118 the presence of PRV NEC proteins ranged in size from 130-160 nm. Cryotomograms of HSV-1 119 mature extracellular virions that contain significant tegument density were shown to have a 120 mean diameter of 186 nm. 121
Little was known about the KSHV nuclear egress complex when we started this work. 122 Santarelli et al. (23) reported a study on the expression and localization of ORF69. They 123 showed this protein is localized in the nucleus and visualized potential complex formation with 124 ORF67 and BFRF1, both orthologs of HSV-1 UL34. Here we have used live cell imaging of 125 infected cells and fluorescent tags to demonstrate the correct localization of these proteins in 126 insect cells as well as the co-localization of ORF67 and ORF69 at the nuclear membrane. 127
Using this expression system we have also demonstrated that ORF67 by itself is sufficient for 128 nuclear membrane duplication. This has only been shown previously for BFRF1 in animal cells 129 (5) and we have also confirmed this result in insect cells using baculovirus expressed BFRF1 130 (data not shown). The use of a bacuolvirus expression system has some advantages over 131 plasmid transfection in animal cells; these include the ability to infect the majority of the cells in 132 culture and so the analysis is on a uniform synchronized population of cells, temporal control of 133 the analysis more precisely because of the efficiency of transduction and replication properties 134 of the virus, ability to co-infect many cells in culture and in the age of E.coli recombineering the 135 rapid generation of baculovirus recombinants. The fact that we can re-capitulate the KSHV 136 NEC in insect cells and the results are similar to other studies performed in animal cells shows 137 this is a bona fide system to study an essential process of a virus that is both difficult to grow 138 and whose genetics are not tractable. 139
The co-expression of ORF67 and ORF69 in the same cells results in the formation of 140 numerous virion size circular vesicles. This phenotype was first reported by Klupp et al. (8) for 141 the PRV orthologs and now the results from the KSHV proteins show they share this common 142 mechanism especially evident when over-expressed in such ex-vivo systems. In PRV the 143 authors did not test whether the UL34 was sufficient to cause membrane duplication but nuclear 144 membrane dissociation was demonstrated using baculovirus expressed UL34 (26). From our 145 data we conclude that ORF67 is responsible for membrane duplication and when both ORF67 146 and ORF69 are present the nuclear membrane is re-modeled to create vesicles. We also have 147 genetic evidence for this from mutations in ORF69, which fail to bind to ORF67 or re-localize to 148 the nuclear margin, cells examined by TEM display only the nuclear membrane duplication and 149 vesicles were absent (data not shown). This fits with studies from Roller et al. (22) that have 150
shown that the interaction between UL31 and UL34 is important for membrane curvature around 151 the assembled capsid. The re-constitution of this complex in insect cells makes available a 152 tractable system to study this complex for gammaherpesviruses and to begin to determine the 153 structure and composition of these vesicles. 154
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